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Abstract 
 
Surface Plasmon resonance (SPR) biosensor has been applied for the on-line monitoring of a target analyte in complex mixture 
by using specific interaction between antigens and antibodies. In this work, mainly for reusability of SPR biochip, parlyene thin 
film was applied as a linker layer on gold surface of the SPR biochip. Parylene is a polymer of p-xylene with good optical 
properties, chemical resistance from organic solvents and relatively high mechanical strength which are required for the linker 
layer of SPR biosensor. The SPR effect is known to be the occurrence of an evanescence field by the absorption of incident light 
at the range of 100nm from the sensor surface and we tested the feasibility of parylene layer of less than 100nm as a linker layer 
by observation of resonance angle change according to refractive index. Parylene film can be easily coated and removed by 
oxygen plasma treatment so that SPR biochip can be used repeatedly. The applicability of the parylene film was demonstrated for 
the detection of C-reactive protein which is widely used to check for inflammation. 
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1. Introduction 
 
Surface Plasmon resonance (SPR) is a phenomenon occurring at metal surfaces when an incident light strikes the 
surface at a particular angle. Depending on refractive index (RI) at the range of 100nm from the metal surface, the 
resonance angle, called SPR angle, shifts and the adsorption of molecules on the metal surface can be measured. To 
detect target analyte in sample, immunoaffinity(IA) layer is prepared by immobilization of antigens or antibodies by 
physical adsorption of covalent coupling to the metal surface of SPR biosensor chip1, 2. For multiple analyses, many 
regeneration methods have been reported for the removal of adsorbed target analyte from the IA. However, the 
reported regeneration treatment is known to damage the target analyte binding activity of IA layer when the 
regeneration step is repeated. Therefore, the most effective way for the application of IA layer is its disposable use. 
This work presents a linker layer consisting of a parylene film between gold surface of SPR biosensor and IA later 
and reusability of the SPR chip through removal and re-deposition of the parylene film.  
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 Parylene is polymer of p-xylene and can be easily and reproducibly coated as a thin film of less than 100 nm on 
the gold surface of SPR biosensor through a well-controlled process of evaporation, pyrolysis and deposition. In this 
work, we tested the feasibility of parylene film as a linker layer by detecting the SPR changes according to the 
parylene film thickness. The applicability of  parylene film as a linker layer to perform biosensing was demonstrated 
of the detection of C-reactive protein (CRP) which is known to be a biomarker of inflammatory diseases, such as 
rheumatoid arthritis. 
 
 
2. Parylene film deposition 
 
  Parylene film is very slowly deposited by polymerization on substrate at room temperature through three steps as 
shown in Fig. 1; (1) evaporation of dimer at the temperature of 160 °C, (2) pyrolysis for the production of 
highly reactive p-xylene radical at the temperature of 650 °C, and (3) deposition on the substrate at room 
temperature.  
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Fig. 1: Structure of parylene and mechanism of parylene deposition. 
 
In this work, the parylene coating was carried out by using a parlyene coater, DACS-LAB, and parylene dimer, 
Dix-N, from KISCO Co. (Japan). A quartz crystal microbalance (QCM) was set in deposition chamber and by 
monitoring frequency change of the QCM, the parylene film thickness could be calculated during deposition. 
Through the on-line detection of the film thickness, parylene film was deposited on the gold surface of the SPR chip 
from 20 nm to 100 nm. The thickness was confirmed by ellipsometric measurement with the reported refractive 
index profile according to the wavelength of incident light3. 
 
 
3. SPR measurement 
 
A SpreetaTM chip from Texas Instrument Co. (Dallas, TX) was used for the SPR measurement. For the plot of Fig. 
2 (a), X-axis is the diode array number of Spreeta chip, which represents the angle of reflection of the polarized light, 
and Y-axis is the intensity of reflected light. The diode array number with minimum light intensity, which represents 
SPR angle, is obtained as SPR signal.  
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Fig. 2: SPR response after parylene deposition 
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 Fig. 2 (a) shows SPR angle change according to the thickness of parylene film. The minimum point of each peak 
represents the SPR angle which was measured under purified water. This plot indicates that the SPR sensor can 
make SPR response even with parylene film on the sensor surface. Fig. 2 (b) shows SPR signal under the standard 
samples with various refractive index according to the thickness of parylene film. The standard solution was 
prepared by using sucrose solution with various concentrations and its refractive index was determined by standard 
refractive meter (Leica). The SPR signal against refractive index was observed to be linear with a similar slope for 
the different thickness of the parylene layer. This result shows that the SPR signal for the same refractive index 
change makes the same SPR signal change for the SPR chip with different thickness of parylene layer. 
 
 
4. Reusability of SPR biochip by removal of parylene layer 
 
Parylene has been widely used as a structural material for microelectromechenical system (MEMS) devices and 
microfluidic devices and the characterization of parylene removal by oxygen based plasma was recently reported4, 5. 
In this work, parylene film on the SPR biosensor was removed using oxygen plasma and the SPR signal returned to 
the value before deposition was observed as shown in Fig. 3. Through removal and re-deposition of the parylene 
film and construction of the IA layer, a SPR chip can be used repeatedly. 
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Fig. 3. SPR angle changes after removing parylene layer on the SPR chip by O2 plasma (left) and after re-deposition of parylene layer (right). 
 
 
5. C-reactive protein (CRP) detection 
 
 
(a)                                                                                  (b) 
 
0 1000 2000 3000 4000 5000 6000 7000
32.0
32.5
33.0
33.5
34.0
34.5
35.0
35.5
36.0
ΔSignal for 
anti-CRP (IA) adsorption
SP
R
 s
ig
na
l (
A
U
)
Time (sec)
anti-CRP
detergent
CRP
100 1000
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
ΔS
ig
na
l (
A
U
)
Concentraion of CRP (ng/ml)
 
 
 
 
 
 
 ΔSignalfor CRP
 
 
 
 
 
Fig. 4. Detection of CRP on parylene film coated SPR chip. 
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To demonstrate the performance of biosensing on the parylene layer, an assay to detect C-reactive protein (CRP) 
which is known to be a biomarker of inflammatory disease, such as rheumatoid arthritis. Anti-CRP antibodies were 
incubated on parylene layer to construct IA layer and then various concentrations of CRP was treated and SPR 
signal change was detected. After performing the first assay, the parylene layer etched by oxygen plasma and re-
deposited. Next assay was performed on the re-deposited parylene layer and this process was repeated. 
Fig. 4 shows SPR response during adsorption of anti-CRP antibodies on the SPR chip and CRP coupling with IA 
layer. We can obtain SPR signal for CRP from 100 ng/ml to 2ug/ml as shown in Fig. 4 (b) on parylene layer. 
 
 
6. Conclusion 
 
Parylene film was applied as a linker layer on SPR biosensor chip to protect gold surface and make the chip 
reusable. SPR signal was observed to increase as the parylene film thickness increase and SPR response for the 
same RI change makes the same SPR signal change on parylene layers with difference thicknesses. This result 
shows that the parylene layer can be applied to detect RI change without signal distortion. Reusability of SPR chip 
was demonstrated through removal and re-deposition of the parylene layer and construction of the IA layer. 
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